Introduction
============

Prostate cancer (PCa) is a common malignant tumor in the urogenital system of men, which seriously threatens men's health and becomes an important cause of death in elderly men, and the mortality rate is the second highest among men worldwide.[@b1-dddt-10-2435],[@b2-dddt-10-2435] With the gradual increase of the aging population and the constant increase in the level of clinical diagnosis, morbidity due to PCa has increased greatly. Due to the long duration of its course and the lack of early specific clinical symptoms, the diagnosis, treatment, and prognosis of disease are seriously affected. It is therefore clinically essential to diagnose the condition early, evaluate the degree of malignancy, and improve the prognosis for PCa.

As a member of the immunoglobulin family, extracellular matrix metalloproteinase inducer (EMMPRIN, also known as CD147) is a glycoprotein enriched on the surface of many tumor cells.[@b3-dddt-10-2435],[@b4-dddt-10-2435] CD147 has been demonstrated to participate in different ways in tumor invasion and metastasis by stimulating the synthesis of matrix metalloproteinases (MMPs).[@b5-dddt-10-2435] There are some studies regarding the relationship between CD147 and PCa, and the results show that positive expression of CD147 is significantly higher in PCa patients compared to controls.[@b6-dddt-10-2435],[@b7-dddt-10-2435] As a result, it is reasonable to speculate that expression of CD147 may be closely related to the pathogenesis of PCa. However, inconsistent results have also been reported by other studies.[@b8-dddt-10-2435],[@b9-dddt-10-2435] Because such a discrepancy exists among previous studies, a systematic review was conducted to explore the correlation between CD147 expression and PCa, in addition to determining its clinicopathological characteristics.

Materials and methods
=====================

Search strategy
---------------

This meta-analysis was carried out in accordance with the guidelines of the Meta-analysis of Observational Studies in Epidemiology (MOOSE) group.[@b10-dddt-10-2435] We conducted a comprehensive search of PubMed, MEDLINE, Cochrane Library, and the China National Knowledge Infrastructure databases until February 2016. The following search strategy was used: ("CD147" OR "Extracellular matrix metalloproteinase inducer" OR "EMMPRIN") and ("prostate cancer" OR "PCa" OR "prostatic neoplasm" OR "prostate neoplasm" OR "cancer of the prostate" OR "prostatic cancer"). Subsequently, the eligible literature was included for further screening.

Study selection
---------------

Two researchers independently screened the eligible literature. The following criteria for study inclusion were used: it should be a case--control study; the authors had to measure CD147 expression of tumor tissue by immunohistochemical method; and the association between CD147 expression and PCa should be reported. Simultaneously, the exclusion criteria were as follows: animals were used; reviews, comments, and irrelevant articles; and the data comprised continuous variables or were incomplete.

Data extraction
---------------

The following items were collected from the included studies: the first author's name, publication year, country in which the study was performed, study type, study design, sample size, age, ethnicity, detection method for CD147 expression, expression of CD147 in PCa patients with different TNM stages, differentiation grade, and Gleason score.

Study quality
-------------

According to the Newcastle--Ottawa Scale (NOS) for case--control studies,[@b11-dddt-10-2435] two independent authors (YY and S-LL) evaluated the quality of the included studies. The included studies were respectively classified into two levels: low quality (0--6), and high quality (7--9).[@b12-dddt-10-2435] When discrepancies of the enrolled studies existed, a third investigator (YW) was invited to adjudicate.

Statistical analysis
--------------------

Heterogeneity was defined as a consequence of methodological and/or statistical diversity among the studies.[@b13-dddt-10-2435] Cochran's *Q*-statistic test was used to analyze the heterogeneity (*P*-values \<0.05 were treated as statistically significant).[@b14-dddt-10-2435] *I*^2^ test was also used to detect the heterogeneity between studies, the values of which ranged from 0% (no heterogeneity) to 100% (maximal heterogeneity).[@b15-dddt-10-2435] *I*^2^ values of 25%, 50%, and 75% represented low, medium, and high heterogeneity.[@b16-dddt-10-2435] Sensitivity analysis was conducted to validate the credibility of outcomes through deletion of individual studies in the meta-analysis. Funnel plot was explored to identify whether there was any evidence of publication bias. Symmetry of the funnel plots was further evaluated by Egger's linear regression test.[@b17-dddt-10-2435] To calculate the effect size for clinicopathological characteristics, the summary odds ratios (ORs) with their 95% confidence intervals (CIs) were used for TNM stages I--II versus TNM stages III--IV, high- and medium-differentiation grade versus low-differentiation grade, Gleason score \<7 versus ≥7, and low prostate-specific antigen (PSA) level (\<10 ng/mL) versus high PSA level (≥10 ng/mL) categories of CD147 expression. We conducted a subgroup meta-analysis to explore the potential effect of ethnicity. Statistical analyses were carried out using the statistical software Stata version 12.0 (StataCorp LP, College Station, TX, USA) with a two-sided test. All tests were two sided, and a *P*-value of 0.05 was regarded as statistically significant.

Results
=======

Literature search
-----------------

The details of the study search are presented in a flow diagram ([Figure 1](#f1-dddt-10-2435){ref-type="fig"}). In total, 115 relevant studies were identified. After carefully reading the articles, we excluded 47 studies because they were duplicates, letters, reviews, nonhuman studies, or contained limited data. Following the reading of the remaining studies, additional studies were excluded because they were not case--control studies and because they were not relevant to CD147 or PCa. Finally, eight case--control studies were included in the meta-analysis. The selection process is shown in [Figure 1](#f1-dddt-10-2435){ref-type="fig"}.

Study characteristics
---------------------

The characteristics of the selected studies are listed in [Table 1](#t1-dddt-10-2435){ref-type="table"}. Eight studies were published between 2008 and 2015: six studies from Asia,[@b18-dddt-10-2435]--[@b23-dddt-10-2435] one from Australia,[@b24-dddt-10-2435] and one from Europe.[@b25-dddt-10-2435] Furthermore, we compared the rate of positive expression of CD147 between the following pairs: Gleason score \<7 and Gleason score ≥7 groups (seven studies); TNM I+II and TNM III+IV groups (seven studies); high- and medium-differentiation and the low-differentiation groups (three studies), and low and high PSA level groups (two studies). The median NOS score of seven was identified as a reliable quality.

Meta-analysis
-------------

### Correlation between CD147 expression and PCa

We compared the rate of positive expression of CD147 in the eight included studies. The pooled OR was 4.65 (95% CI, 3.52--6.14; *Z*=10.79; *P*\<0.05) and there was evidence of heterogeneity between studies (*I*^2^=92.9%, *P*\<0.05) ([Figure 2](#f2-dddt-10-2435){ref-type="fig"}).

Subgroup analysis
-----------------

We used subgroup analyses to explore heterogeneity. Subgroup analysis based on ethnicity implied that positive expression of CD147 was related to PCa in the Asian population (OR, 21.01; 95% CI, 12.88--34.28; *Z*=12.19; *P*\<0.05) ([Figure 3](#f3-dddt-10-2435){ref-type="fig"}).

Association between positive expression of CD147 and clinicopathological characteristics of PCa
-----------------------------------------------------------------------------------------------

We compared the rate of positive expression of CD147 between the TNM I+II and TNM III+IV stages in seven studies. The pooled OR was 0.24 (95% CI, 0.17--0.35; *Z*=7.74; *P*\<0.05), with no significant heterogeneity (*I*^2^=0%, *P*=0.79). In addition, the rate of positive expression of CD147 between the groups with Gleason scores \<7 and ≥7 was compared in seven studies. The pooled OR was 0.41 (95% CI, 0.31--0.56; *Z*=5.62; *P*\<0.05), with no significant heterogeneity (*I*^2^=42%, *P*=0.11). Furthermore, CD147 was more highly expressed in PCa patients with high differentiation grade in three studies (OR, 0.27; 95% CI, 0.13--0.56; *Z*=3.47; *P*\<0.05), and no evidence of heterogeneity was detected (*I*^2^=0%, *P*=0.39). The results also suggest that CD147 was more highly expressed in PCa patients with high PSA level in two studies (OR, 0.07; 95% CI, 0.03--0.16; *Z*=6.47; *P*\<0.05), with no evidence of heterogeneity (*I*^2^=0%, *P*=0.95) ([Figure 4](#f4-dddt-10-2435){ref-type="fig"}). Therefore, the positive expression of CD147 was associated with the clinicopathological characteristics of PCa patients.

Publication bias and sensitivity analysis
-----------------------------------------

The overall statistical significance did not change when any single study was omitted. Sensitivity analysis shows that data are relatively stable and credible ([Figure 5](#f5-dddt-10-2435){ref-type="fig"}). The funnel plots of the studies were symmetrical, and Egger's test showed no publication bias ([Figure 6](#f6-dddt-10-2435){ref-type="fig"}). As the number of included studies that investigated the relation between PSA level and CD147 expression was \<3, we did not carry out publication bias and sensitivity analyses.

Discussion
==========

PCa is the most common malignant tumor of the male reproductive system and its incidence is ranked the second in the world. A projected 180,890 new cases of PCa will be diagnosed and an estimated 26,120 men may die of the disease in the USA alone in 2016. The mortality due to PCa accounts for 8% of all cancer deaths.[@b26-dddt-10-2435] The incidence of this disease has obvious heterogeneous geographical and ethnic characteristics, and prognosis presents a different scenario according to the operation method, pathological type, tumor stage, and other factors.[@b27-dddt-10-2435] For these reasons, we need precise biological indicators to guide treatment and monitor the progress of disease in PCa patients.

Positive expression of CD147 was found in many cancer tissues, which is related to poor prognosis for the patient.[@b28-dddt-10-2435]--[@b31-dddt-10-2435] Some studies showed that CD147 plays an essential part in the progression and metastasis of PCa.[@b7-dddt-10-2435],[@b32-dddt-10-2435] However, other relevant studies have reported contradictory findings.[@b8-dddt-10-2435],[@b9-dddt-10-2435] Additionally, there is no relevant meta-analysis that reports the relationship between CD147 expression and PCa so far. Therefore, we conducted the present meta-analysis to explore the relationship between expression of CD147 and PCa.

We included 930 cases and 366 controls of eight studies in this meta-analysis. The pooled OR was 4.65 (95% CI, 3.52--6.14; *Z*=10.79; *P*\<0.05), indicating that CD147 expression was associated with PCa. However, there was obvious heterogeneity between the studies (*I*^2^=92.9%, *P*\<0.05). Additionally, subgroup analysis based on ethnicity suggests that positive expression of CD147 was associated with PCa in the Asian population (OR, 21.01; 95% CI, 12.88--34.28; *Z*=12.19; *P*\<0.05). There was no obvious heterogeneity between the studies conducted in Asian populations, and the result became more significant (*I*^2^=33%, *P*=0.19). This indicates that the heterogeneity is derived from ethnicity.

Pretreatment clinical TNM staging, Gleason score, differentiation grade, and serum PSA level are clinicopathological characteristics of PCa, which can indicate the prognosis of patients and have an important clinical value in determining PCa. We calculated the effect size for clinicopathological characteristics. There was no significant heterogeneity and we found that the association between clinicopathological characteristics of PCa and positive expression of CD147 is significant. It suggests that CD147 plays an important role in poor prognosis and prediction of PCa recurrence.

Riethdorf et al[@b33-dddt-10-2435] analyzed the incidence of CD147 expression in different tumor types and found a remarkable difference in CD147 expression levels. Another investigation of expression and function of CD147 as a cancer-associated biomarker showed the following incidence rates of CD147 expression in various cancers: cancers of the liver (80%), prostate (80%), lung (62%), stomach (66%), colon (58%), rectum (59%), breast (64%), brain (90%), esophagus (87%), ovary (75%), urinary bladder (85%), and skin (58%).[@b34-dddt-10-2435] These results can render CD147 as the therapeutic target in a broad range of cancer types and could be used for differential diagnosis.

Based on the current results of meta-analysis, we assume that the expression of CD147 is a clinical biomarker for PCa, which could affect the clinicopathological characteristics of PCa. Nevertheless, certain limitations of our study should be considered. First, continuous variable data were not included in this study. Second, the included studies were limited to those written in Chinese or English. Third, the majority of the included studies were conducted in the Asian population.

Conclusion
==========

Positive CD147 expression may be related to PCa and deterioration in terms of the clinicopathological characteristics of PCa. CD147 could serve as a biomarker for the diagnosis and prognosis of PCa patients. We should conduct further investigations to evaluate the role of CD147 expression in PCa.
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###### 

Characteristics of the eligible studies included in the meta-analysis

  Study                                    Study location   Sample size, n   Age, years[a](#tfn1-dddt-10-2435){ref-type="table-fn"}   CD147 positive, %   Measurement   NOS score                
  ---------------------------------------- ---------------- ---------------- -------------------------------------------------------- ------------------- ------------- ----------- ------ ----- ---
  Cai et al[@b23-dddt-10-2435]             Asia             56               22                                                       53--80              59--89        64.3        9.1    IHC   6
  Feng and Feng[@b22-dddt-10-2435]         Asia             60               15                                                       59--89              59--80        61.7        26.7   IHC   7
  Han et al[@b18-dddt-10-2435]             Asia             62               30                                                       58--86              NR            82.3        13.3   IHC   7
  He et al[@b19-dddt-10-2435]              Asia             101              90                                                       73.5                NR            66.3        23.3   IHC   7
  Wang et al[@b21-dddt-10-2435]            Asia             54               40                                                       33--77              35--79        84.4        17.5   IHC   6
  Bi et al[@b20-dddt-10-2435]              Asia             300              20                                                       45--86              46--72        62.0        5.0    IHC   7
  Madigan et al[@b24-dddt-10-2435]         Australia        120              15                                                       46--72              53--72        65.0        13.3   IHC   8
  Pértega-Gomes et al[@b25-dddt-10-2435]   Europe           167              134                                                      46--74              NR            49.7        40.8   IHC   8

**Note:**

Age data presented as mean or range.

**Abbreviations:** IHC, immunohistochemistry; NOS, Newcastle-Ottawa Scale; NR, not reported.
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